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A NUMERICAL SCHEME FOR PREDICTING THE LOCATION
OF TIDALLY-GENERATED FRONTS IN SHALLOW WATER

by
Alan J. Elliott

LR
ABSTRACT o
—_— THE 2 fd f

1/ LN Y G ()

A hydrodynamic numerical model 3. used to compute tidal currente and
caleulate the parameter WeJ/h), where u ie the maximum local

tidal speed and h 18 the depth. A recent theory has shoum that
fronts, marking the boundary between stratified and isothermal water,
ecan be expected to form where this parameter takes a eritieal value of
about 2.2. Thus, if the amplitude and phase of the tidal elevatioms are
known around a region of interest then the likely location of fronts can
be predicted Lf the bottom topography ig knowm. Ag an example of the
method the scheme i8 applied to the Southwesterm Approaches to the
English Channel, and good agreement is obtained for the predicted
location of a thermal front that has been obgerved at the western
entrance during the summer months. In particular, the model shows that
even eastward winds of Beaufort force 8, which occur for at least 10%
of the time in this region, are unlikely to influence the location of
the front. The computer program and instructions for its use are given
in an appendizx. :

INTRODUCTION

During recent years there has been a growing body of evidence to suggest
that thermal fronts can be generated in shallow water by the bottom-
generated turbulence that is associated with tidal currents.

The first observations of this effect were made by Simpson ;1] who

observed a stratified region, persistent throughout the summer months,

; in the northwestern part of the Irish Sea. This region coincided with a

! zone characterized for its weak tidal currents, the remainder of the

Irish Sea being noted for its strong tidal currents and vertically well-

‘ mixed water. In a further investigation ;27 it was shown that the rate

1 i at which work is done by the tidal currents against the bottom friction

: - is proportional to u®, where u is the tidal velocity, and that the

' criteria on whether the bottom-generated turbulence will be sufficiently
; strong to completely mix the water column vertically against buoyancy

‘. \ forces will depend on the ratio of u®/h, where h is the local bottom

. depth. By using a numerical model to predict the tidal currents through-

) out the Irish Sea, and by comparing the contoured values of loglo(u’/h?

with the locations of known fronts, Simpson and Hunter showed that the
Shl critical value for the frontal location was around 2.2 (in cgs units).




This work was extended by Fearmhead: 737 who used mean tidal charts to
construct the contours of the stratification parameter in the waters
surrounding the coast of the British Isles. Similar calculations of
this kind have also been made by using tidal charts for conditions of
mean spring tides and comparing the results with the frontal locations
determ from satellite images (4, 57. In a detailed numerical study ‘
of a front observed in the southern Irish Sea, James ;6] showed the d
seasonal development of the frontal system and demonstrated that a front

that forms during the neap part of the tidal cycle may not be destroyed

during the following spring tide. More recently, Pingree and Griffiths

{71 have used a high resolution numerical model to calculate the strati-

fication parameter on the continental shelf around the British Isles,

and good agreement was obtained between the predicted and observed

frontal locations.

The purpose of this memorandum is to present a readily adapted scheme

for making such predictions, and to give (in Appendix A) the listing of
a computer program for calculating the stratification parameter L
loglo(u’/h). ;

The advantage of using a hydrodynamic model to compute the tidal streams

is that, although a rough estimate of the parameter u?/h can be made by
using tidal charts, this method cannot be used in regions where the

tidal currents are not well known. However, in contrast to tidal currents,
tidal elevations have been extensively studied for hundreds of years and
the details, for almost all regions, can readily be found in the open
literature. Taking advantage of this fact, we can use sea level information
as input to the hydrodynamic model, i.e. specify the rise and fall of

the tide around the boundary, and use the model to calculate the resulting
interior tidal currents and the parameter u®/h in regions where the

tidal currents themselves may not be well known.

1 THE HYDRODYNAMIC EQUATIONS ‘

The derivation of the depth-integrated form of the two-dimensional
hydrodynamic equations can be found in numerous published papers and
standard texts ((8, 9 & 10], for example). However, for completeness, a
brief (non-rigorous) account of the derivation is given here. The basic
equations are (with the usual notation):

dUI 1
s - L3
@ Pt -gag
dUz 1
- - - L3P
T - fu 5 3%,
—La =




where right-handed axes have been chosen, and the z-axis is taken as
positive downwards. If we partitien each velocity component into a mean
and fluctuating part so that

up = Uy + u; R

and then take the time average of the equations over an interval that is
long compared with the time scale of the fluctuations, we obtain

au,

_— + = (Wu]) + = 2 (Uul) + fuz = - 122

ot * Xy (U1U1 * X2 (u1uz + X3 (U1Ug *+ fu, o 9X)
and

E{-—a_.(uu +L(u£u +.l.(u;u"_fu_=_l§L

at Xy 1 X2 2 X3 s 1 p 9X2

(N.B. We have neglected the mean quantity non-linear terms). If we now
drop the overbar, and use eddy coefficients to relate the turbulent
stresses to the gradients of the mean quantities, then we obtain:

I G P 0 gy e 1 -

ou, ou, u; ou;
: ) 9 9 - l _QL
3t~ Xy (N‘axl) T X2 (N‘3Xz) T s (N33X3 ) + fuz = - p X1
F [Eq. 1]
P ’ and
\ . 3u2 U2 du2 Uz
: 3 3 .8 . =_13p
A - (e - oA (Neagg) - oag gy ) - fu = - 5ag
’ [Eq. 2]

The hydrostatic equation, integrated from the surface (x; = -n) down to
a depth x; becomes

X3
p(xs) - p, = J pdx} ,

¢ -n
% and therefore
! X3
f P .49 = q 9— =
J = 9oy |, PO = 9 g [xstn) o 1,
¢ ! -n
' ; where
l. . X3
] -— a ]
’ ° = Txa ) l pdx} ,
L v -n
f -’
¥ :T'\ ..
* 3
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(we have neglected the horizontal atmospheric pressure gradients).
Therefore,

9[ (Xa"‘n) o + (xs+n) %;L

3X1

= 9[30-5 + (xetn) 381,

P_ . g3 n_ 3 _
T T g(x3+n) T

which states that the horizontal pressure gradient has two parts: one
part due to the slope of the free surface, and the other part due to the
horizontal variations in density.

Hence, the pressure term on the right hand side of Eq. 1 becomes

1l . . pdn a
p axl g p axl (x3+n) 3X1 . [Eq‘ 3]

The next stage is to integrate the equations vertically and express the

variables in terms of depth-mean quantities. For simplicity it will be

assumed that the water is well-mixed vertically. Under these circumstances
= p (at all depths) and therefore

d
[ [-9 2807 dxs = -g 30 (dn)
-n

and
2

d
- % -.9(dn) 3p
% [ [(xa+n) 551 dx, 5 TR

-n

Consequently, the vertical integration of the pressure terms of Eq. 3
gives

2

- on_ _ g (dt
glam) 30 - £ (n)

QIO

X1 ’

with similar terms in the x, momentum equation. To integrate the velocity
terms over the depth requires the use of kinematic boundary conditions
at the top and bottom boundaries.
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If ¢(x1,X2,X3) = 0 is the equation .of the surface and u = (u;,uz,us)
is the velocity, then the surface condition is

u-9 = -3, [Eq. 4]

Since the surface is given by
X3 = -n (X1,X2) ,
then

¢(X1,X2,X3) = n(X1,X2) - X3

Therefore, Eq. 4 gives

-ﬂ-+ U 32— Uz %2; +u; =0 at x3 = -n. (Eq. 5]

At the bottom,

x3 = d(x1,x2)
and
d(X1sX25X3) = d(X1,X2) - Xs.

Therefore u.V¢ = 0 (i.e. no flow through the bottom) gives that

ad ad

ui 3X + uz 3X us = 0 at xs; = d. [Eq. 5]

If the velocity terms in Eqs. 1 & 2 are now integrated over the depth,
and the kinematic conditions of Eqs. 5 & 6 are used, then the momentum
equations become (in terms of depth-mean quantities):

a a 301 a QU1
25 [(amhun] = 52 [(dm) N 5] + 5o [(en) N 5]

+ Fxs - FxB - f(d+n)u:

; +n)?
g(d+n) 32 9'(d2") 321




(F, and F, are the components of the surface and bottom stresses) and

Xs B
au .
at [(d+n)u2] = [(d n) N ] t 5 aXZ [(d n) N
v
+ Fys - FyB + f(d+n)u;
) d+)? 3
-g(am) B - 2{dn)- 2o [q. 8]

The final equation that is required is the depth-integrated form of the
continuity equation, which will be used to compute the surface elevation.
If v 1is an arbitrary volume of fluid, fixed in space, of density p and
surface ares A, then

;. %? £ pdv = - 1 pu.ds + £ ddv ,

where § is the source of fluid/unit volume/unit time.

This gives

f [%% + div(pu) -6] dv = 0,
v
’ and hence A

%%-+ div(pu) = &.

If the flow is assumed to be incompressible, this reduces to

8
div(y) = 5
i.e.
% . ol U ou; s
X | 3%z  9%Xs  p (Ea. 9]
- If Eq. 9 is now integrated vertically over the water column and use is

made of the kinematic conditions of Eqs. 5 & 6, we obtain
]
I B+ 2 Lamdu] + 5o [(dm)ue] = (dn) . [Eq. 10]
}

This equation, along with the momentum equations 7 and 8, are the ones
S solved by the numerical scheme. In the present analysis the horizontal
' density gradient terms in Eqs. 7 & 8 were neglected.




2 FINITE DIFFERENCES

Equations 7, 8, & 10 were solved using centred differences on a regular
grid (Fig. 1). (Note that the grid uses left-handed axes; the only
effect of this is to change the sign of the coriolis terms in Eqs. 7 & 8).
Linear interpolation was used to derive the values of variables required
at points other than grid points. A leap-frog scheme was used for the
time integration, which involves the storage of three time levels, the
time derivatives were evaluated using levels one and three, while the
right-hand side of Eqs. 7, 8 & 10 were evaluated at the middle time

level. The only exceptions were the diffusive (friction) terms; these
were lagged back one time step for reasons of stability.

As an example, the finite difference form of the continuity equation

will be derived (the finite difference form of the momentum equations
are given in Appendix A). Let

= (¢+n) £ - g2 [l@mdui] - 55 [(d#n) ue]

be written as

%% = ¢ +C2 + Ca,
then
¢y = (dn) %

where & 1is the source/unit volume/unit time.

If the quantity §' is the total source/grid box/unit time then
§' = (d+n) (2ax) (2ay) 6 .

Therefore

2 1 . [}
c1 = (dn)s - &

p(d+n) 4axay 4pAxAy
Consequently, the finite difference form of this is simply
c1 = 8'(i,3) / [(4axay) o(i,3)], TL =2

where p(i,j) denotes the value of p at the grid coordinate (i,j)
and TL = 2 signifies time level 2.

c2 = - 5o [(dm)ui]
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.g Let (d+n) = H, the total depth, then
L
- Cz = - 3%, [Hu, ]
g 4 = '[(H(i’j) +H(1+] :j)) V('i sj) - (H(i"]aj) + H(1 !j) V(i'] ’j)]
g Therefore j
: cz = =[(H(1,3) +H(i41,3)) v(i,3) ~(H(i-1,3) +H(1,3)) v(i-1,3)]
! / (48x), TL = 2.
:
; Similarly,
B ca = [(H(1,3) +H(i,3+1)) v(i,3) - (H(i,3-1) #H(i,3)) v(i,5-1)]
- / (48y), TL=2. ‘
i
Consequently,
g% =¢; tcg +C3
becomes ?
R . n(i’j),TL=3 = ”(i’j)lTL=] = (c; +cp + CS)lTng-
2At
: Therefore,
n(i,J)ITL=3 = n(i’j)‘TL=] + 20t(cy + ¢ + CS)ITL=2-
This is the equation used to update the surface elevations (see subroutine
ETA3 in Appendix A); comparable expressions can be derived in order to
update the U and V velocity components (see UVEL and VVEL in Appendix
A). In certain circumstances (e.g. when a point lies on or near an open
boundary) the full form of the finite difference equations are not used
because certain terms are neglected. The points were coded as follows:
- For elevation,
y
-, ! (1) outside the computational grid, do not update
- ' (i.e. the point 1ies inland).
: l. . (2) a boundary value, specify through a boundary condition.
i | (3) computational point.
.




‘a

-l

For velocity,

(1) outside the grid or on a solid boundary, do not update.

(2) near an open north-south boundary, nelgect the term
. . ) s
involving 5% and coriolis.

(3) near an open east-west boundary, neglect the term
oD s
in 3%, and coriolis.

(4) both of the above, i.e. near an open corner of the

grid.

(5) normal interior point, update using the full form
of the equations.

The finite difference form of the equations were tested by applying the
model to simple problems having known solutions. For example, the

seiche motion of a rectangular lake, the advance of a wave along a
rectangular canal (with and without rotation), the wind-induced set-up

of a rectangular bay, and similar problems. In all cases, the difference
between the known and computed solutions did not exceed a few percent of
the analytical solution. The application of the model to the interpreta-
tion of some field observations has been given in a previous memorandum
[11], showing a good agreement between the observed and predicted response.

In the present study the amplitude and phase of the surface tide is

prescribed around the open boundary of the model. This is a sufficient
boundary condition to drive the tidal oscillations (1.e. tidal currents
and elevations) in the interior of the model. After allowing at least
five tidal cycles for the system to approach a quasi-steady state, the
subroutine PARAM (see Appendix A) computes the value of 1oglo(u3/h) at

each elevation point by averaging the surrounding velocities. At each
time step, and for each grid point, the present value of the parameter
is compared with the previous maximum and the value is updated if a new
max'mum has been reached. In this way, the maximum value of log1o(u’/h)
1s calculated at every computational elevation point.

3 APPLICATION TO THE SOUTHWESTERN APPROACHES
TO THE _ENGLISH CHANNEL

As an example of the scheme, this chapter outlines the steps involved in
applying the model and calculating the stratification parameter in the
Southwestern Approaches. The area covered by the model is shown by the
insert in Fig. 2; it extends from the Straits of Dover in the east and
the north Channel of the Irish Sea in the north to the large open boundary
south of Ireland in the southwest. The eastern and northern boundaries
were placed at narrow sections to allow a better definition of the
boundary conditions. Open boundaries, 1ike the one to the southwest,
should be avoided whenever possible because of the uncertainty involved
in specifying the tidal constants in deep water. In the present circum-
stances, however, this choice of the boundary was unavoidable.

10
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The grid points of the model and the solid boundaries (i.e. the coast-
line) are shown in Fig. 3; a very crude grid has been used for the {
purposes of demonstration, to obtain more accurate results it would be
necessary to use a much smaller g-~id spacing (see, for example, (7]).
The corresponding water depths, defined at the elevation points, are
shown in Fig. 4. The amplitudes and phases of the Mz tide around the

open boundary were taken from Flather 712) and are shown in Fig. 5 for

‘ the whole of the model region. (The boundary values are given in the
subroutine BC). The major uncertainty (apart from the effect of the

crude coastline representation) was the extrapolation of the tidal

H boundary conditions along the large open boundary. This was done by a

‘ process of trial and error until a reasonable agreement between the

observed and computed tidal behaviour was obtained for the western

entrance to the Channel. The computed phase and amplitude distributions

are shown 1n Fig. 6. A fairly good agreement was achieved in the

Approaches to the Channel and in the Channel itself, and also within the

Bristol Channel. Note, however, that the agreement between the observed

and computed distributions was poor throughout most of the Irish Sea.

The amplitudes shown in Figs. 5 and 6 are for the M2 component alone. As

‘e part of the present study it was decided to investigate the variation of
the stratification parameter (and hence the predicted frontal location)
during the spring/neap cycle of the tide. The proper way to do this t
would be to specify the amplitude of both M2 and S2 around the open

boundary, to run the model to simulate about one month of elapsed time,
and to monitor the motion of the frontal location during the spring/neap
. cycle. A simpler way is to run the model for three cases:

a. Mean tidal conditions: amplitudes around the boundary
given by M, alone.

! b. Spring tides: amplitudes around the boundary given
by (M2 + 52).
c. Neap tides: amplitudes around the boundary given

Typical ratios of the M2:S2 amplitudes for the region were obtained from

Heaps (137, and the open boundary amplitudes were scaled, to reproduce
the three cases given above, in the ratios 1.0 : 1.4 : 0.6.

The results are shown in Figs. 7, 8 and 9, respectively. They suggest
that the locations in which the front might possibly form cover a
considerable proportion of the area at the western entrance to the
Channel. However, as pointed out by James /6], the persistancy of a

‘- front during the spring/neap cycle is not well established. It is
encouraging, however, that the calculated mean location of the front
(Fig. 7? is in general agreement with the location determined from
observations (5,7,13).

Some additional tests were made to determine the likely effect of storm-
generated currents and their centribution to the stratification parameter.
The strongest winds in this regien are directed towards the east [14);
S winds of Beaufort force 8 or greater occurring on average 35-40 days/year.

12 .
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This corresponds to an eastward wind of -around 16 m/s, equivalent to a
surface stress of 4 dyn/cm®. To simulate the effect of such storms the
model was run with a constant eastward wind stress and the wind-driven
currents computed. As in the previeus calculations the stratification
parameter log]o(u’/h) was estimated, based this time on the storm driven

flow. (Note that this calculation ignores the downward vertical mixing
due to the surface stirring of the wind; .the model only takes account of
the bottom-generated turbulence).. The wind-driven flow was, almost
everywhere, too weak to raise the stratification parameter to the critical
value (Fig. 10). The only two exceptions were a location off the south
coast of Ireland (where there was an easterly flow at about 1 kn (51 cm/s)
in the shallow water) and in the Channel at the southern entrance to the
Irish Sea (where the flow was southward at about 1 kn). Throughout the
whole of the English Channel the wind-driven currents alone were too

weak to cause the generation of a front. In general, the effect of wind
driving was insignificant in comparison with the tidal effects, even

weak tides being sufficient to mask the influence of the wind. To

illustrate this point, Fig. 11 shows the effect of weak tides (boundary :
amplitudes set to 0.3 of the mean amplitudes), while Fig. 12 shows the :
effect of weak tides plus wind on the stratification parameter. It is !
clear from the figures that the tides dominate over the wind.

CONCLUSIONS

L . The purpose of this memorandum has been to present a readily adaptable
: : scheme for predicting the 1ikely locations at which thermal fronts might
be formed by the bottom turbulence associated with the tides. The advantage
of the method is that it requires only a knowledge of the behaviour of
P the tidal elevations around the open boundary, the internal dynamics -
within the region of interest are then computed numerically. By way of
an example, the method was applied to an area that includes the South-
western Approaches to the English Channel. To establish the computational .
grid, digitize the depth, and code the grid points and coastline required
about five working days, the calculations described in the body of this
memorandum required about 12 minutes of computer time each on a Univac
1106. Consequently, to apply the scheme to a new region and make all of
the necessary computations would require about 10 man-days of effort
(this figure should be maybe doubled or trebled if the individual is not
familiar with the model).

In the present study the model was adjusted only for the area near the
western entrance to the English Channel. Better results would probably
be obtained if a higher resolution grid was used, and if more effort was
spent on calibrating the predicted tide. In its application to the

- Southwestern Approaches the greatest uncertainty probably arises during
the extrapolation of the tidal amplitude and phase along the open boundary
to the southwest.
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MA IN PROGRAM.

LOCATI W OF TIVALLY GENERATED FRONTS.

WRITTEN dYe

Ae Je ELL IOTT
SACLANTCENs LA SPEZIAe
SEPTEMBER 21978

THIS VERSION USES THE CALCOMP 960 PLOTTER.

OO0 ON

Ceoeoas THE FOLL UWING COMMON BLOCKS SHOULD BE
Ceae oo INSERTED AT THLE SEGINNING 0F EVERY SUBROUTINE.
c
COMMON /AL U200 33 3 )eV( 209300 3) »S(20¢30+¢3)+C€(20030+3)
COMMON/C2/ ETA(27e 3 ¢3)2D(201039) vH(20030¢3)9SIG(20030)
$SIEC (259 303
COMMON/C 3/ UBARL 2D +30) e VBAR(20930) oSBAR(20 3500 »
SCBAR(29y 30)EBAR(2Cy 30)
COMMON/C S8/ IU(20 9350 ¢IV(20¢30) oIE(20+30) sIS(20+30)
COMMON/CS/ K1{20 2350 «K2(20+¢38) sN1yN2
COMMON/CH7 G oD XeDY oD Tor TORI WX sM Yo NX pNYeNX1e NY 1o
SNNoTCe TIMs NTCe F
COMMON/CT/7 TBUFIIN )eXL30)eY(30)e ZU3U»30) #IPLOT]
% 97 LE V(50 3 LABC (1 0) oL WGT(10}
COMMON/CB87 RUOW(2Ty 03
COMMON/CY97 NSUM .
COMMON/ZC 107 XALZ0) oY AL20)3+ XB(20) »YB(20)» XC t20)9YC(20)
S$XD (20) oY O(20)e XE(20) o YEC 2030 XF (20) oYF(20)
REAL X1sK2eN1leN2

c
c.....
c
Cc
Cc
C READ IN BASIC PARAME TERS.
Cc
Cc
Cc DELTAX WDELTAY IN KM,
Cc
C DELTAT IN SecCe.
C
100 FORMAT(F LU0}
RE AD ¢5 »100) OX
READ(S vl ud) OY
READ (S st OU OT
Cc
c CONVERT Tn CGS UNITS.
C
DX:DX#ID.**S.
OY=DY*10 o **5 ¢
Cc
c COMPUTATTONAL CONSTANTS.
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BOTTOM FRICTION,
TOR=2.5¢ Luexs( ~3,)

Gz=931.
OMEG A= 7e 272%1 et x( =5 ,)

RRLAT IS THE LATITUOE.

RRLATZSU »

RLATZRRLAT/16U <% 3. 14159

FT2.%0MEGASSIN(RPLAT)

NTCZ INT(I2.4229%356 1 ,/70T+0U U00L)

NX AN NY ARE THE UIMENSIONS OF THE WORKING GRID.
FORMAT (I 8)

RE AD (5 »1 01 ) NX
READ (5 ol Ul ) NY

A 1= NX =1
NY 1= NY -1

NSTEP IS THE NUe OF ITERATIONS.

FORMAT (L o)
READ (S 914d2) NSTEP

NANS IS THE OUTPUT FREQL‘ENCY.

RE AD (5 #1 Uul) NANS
READ I N THE ARRAYS WHICH OEFINE THE POINT TYPES.

DG 2dC I=1eNX1
REAUD (S v1U5}F ( TUCD sJ)eJ=19NY)

FORMAT(50]1)

BO 221 I=1enX
READ (5 rp U3 ) (Iv(I vd)eJ=1yNYL)

00 202 I=t1sNX :
READ(S sl3)  C(ISCI vJded=1edY)

DO 203 I=feNX
READ(S5+103) {IE(T eJ)eJd=1eNY)
SET ALL WORKING ARRAYS TO ZERO.

00 204 TIz=]1eNX
D0 204 JU=z=1eNY




118

115

116

! 117
118

119

’ 120
121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

1443

: 189
150

151

152

153

154

155

156

157

158

159

160

‘ 161
] 162

163

. ‘ 164
) : 165
l. . 106
|

167
168
169
y 170

OO0 OO0

[ XN ¢

OO0

295

204

296
106

203

106

D0 205 K=1-3
Ul TeJde ) =0 -
Vi leJoe K)IZ0 e
SCIrJoKIZU
ETAC(Le Ue K)=0,
ClIrJrK)ZJoe
H D JeK)=Ue
RON(IvJeK)=U o
CONT INUE

0« I’ J’IU 3
SIG( I'J’ ZJe
SIGC (I w3=0e
B AR (I e )=Ce
V8 AR (I vu)=Ue
SH AR (I +J )=C
CBAR(I vJ)=0.
EB AR(I »J)=Qe
K1 (I #0000
K2 (I eu)=0.
CONT INWE

NN =)
NS UMD
READ IN THE DEPTHS AT S-POINTS (M. ).

DO 296 I=1sNX
READ(5 1043 C(3(Isd vJSLeNY)
FORMAT (LUF 5. 0)

READ IN THE FRES.t WATER SOURCES (M»+3/S).
00 238 I =1eNX
READ(5 sl U4) (SIG( LrJ)eJd=1eNY)

READ IN THE WIND SPEED AND OIRECTION (M/S AND DEGREESy

RE AD (5 100} WNU / CURRENT CONVENTION)
RE AD (5 s1 U0} DIRN

COMPUTE THE COMPONENTS OF WINO S TRESS.
CC=1.3'1U. x*(~-3, )

ROWAZ1 2 10, #= - 3, )

WX == CC 4R OWA® LU o* #4 = UND*COS(DIRN)* WND
WY=CCe ROWASLA, ss4, #JND*SINCOIRN) sWNO
DIRN=C(OIRN$180.) /314159

READ IN THE HORIZONTAL E0DY STRESSES.

READ(5 106} NieN2
FORMAT(2F10e 0)

READ(51U2) IPLOTL 1
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17
172
173
174
175
176
177
178
179
130
131
182
183
184
185
186
147
188
189
190
19
192
193
195

196
197
198

200
201
202
293
208
205
296
297
208
209
210
211
212
213
215
215
216
217
218
219
220
221
222
223
228
225
226
227

OO0 000

oo

105

31
32

110
111
112
113
114
115
116

117

118

aon

120

215
119

121

216

IF IPLOT1 .EQ, 1 T OUTPUT WILL BE PLOTTEOD.

READ (S #+105) START
FORMAT(F5.0)

ESTABL ISH THE INIVIAL CONOITIONS.
CALL INT

OU TPUY THE INITIAL VALUES.

WRITEC 60 31)

FORMAT (1 HL)

FORMAT (/)

WRITEC(6e110)

FORMAT (SXo LOHINI TIAL VALUES/ /7))
WRITEC(G6e111) DX
FORMAT (LUX o1 OHDELTAX = +E10.3/77)
W ITEt(6e112) DY

FORMAT (1 OX»1QHUELTAY = +E10.3/7)
WRITECt6e113) OT
FORMAT (QOX o1OHDELTAT = +E10.3/7777)

WR ITEC6e118) TOR
FORMAT (13X +25HB0 TTOM FRICTIONs TOR = +¢E10.3//)
W ITE(6e 115) RRLAT

FORMAT (10X v12HLATI WDE = #F5.077/)

WR ITEC 60 116) WND oD RN -
FORMAT (L X »18HWIND SPEED = +F5.0010Xs 18HWIND OIRECTION =
WRITEC60117) N1eN2 /. eFS.a0n -
FORMAYT (1 OX y32HHORI 2DNTAL EDDY STRESSES N1 :} -
$E10.3//) / vE10.3s10Xe6MN2 = o

WR ITE(69118) RK1RK2

FORMAT (10X »3THHORI ZONTAL EDDY ODIFFUSIVITIES K1 = o

SE1 0.3 10Xs 6HK2 =  E10e377)

WRITEC 60 31)

OUTPUT THE WATER DEPTHS.

WR ITE (60 120) ,
FORMAT (10X ¢21HWA TER DEPTH IN METRES¢//)

DO 215 I=t1wNX

WRITE( 6e 32)

WRITEC &0 119) (DUIe J)oJ=1eNY)
FORMAT (L Xe16F7.1)

WRITE(b6e 31)

WRITEC(be121)
FORMAT (10X »28HFRESH WATER SOURCES (M9%3/S) o/ /)

00 216 I=1,NX

WRITECHe32)
WR ITEC4e219) (SIG( IeJ)ed=1eNY)
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228
229
230
231
232
233
234
235
236
237 207
238
239
2490
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
279
271
272
273

OO0

QOO COOON (s NN N NNl

(2]

(2]

(2] O O O00 OO0

275
. 276
‘ 2mnm

[}

‘ 278
) . 279
L. . 280
» 281
' 232

283

. 284

OoOOOOO0

CONVERT T9 CGS URITS.

00 237 I=1.NX

D0 2067 J=1NY

OC L I ZDCL v )10 002,

W Ie Je )DL 0J)

W Ir Je 2)=D (] ¢J}

SIG( Lo J)=SIG(I s deld tsb,
CONT INUE

CALL ouTPUT

*x e & STARY THE MAIN COMPUTATIONAL LOOPS ®ses

ks s
2R R s
=k ssen
mn s sese
sk anw ssee
TO=TOR

TMAX=U U J

DO 300 NNS1eNSTEP
T=FL OA T( Ny ) «DT

TIM=T/7/36u00.
TCITIM/12.4224

TORSTO+TMAX/ZEXP(TC)

CalL 8C

CALL ETAS

CALL UWEL
CALL VVEL

CALL PARANM

savxes AL VARIABLE S HAVE NOW BEEN UPOATEQeess

UPDATE THE TINE INUEX.
DO T20 I=1eNX
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- - meme .
¢

235
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
331
392
303
304
305
336
QT
308
3489
310
311
312
313
314
315
316
317

VO~NTWVEWNM

ol ol el
Vs MRO

OO0 (2] OMOOn

729

699

(xR 2]

OOOOON

300

00 726 J=1leilY

U In Je 1)UL vd v2)

UG Iedo 2) UL 0Je3)

Ve Ir Sy A)=V (I vu 92}

VEIe Je2)=V({I vJdes)
ETACLe o A)ZETAL(L vd 2}
ETA(Is e 2)=ETAC(L 2 u ¢3)
HC 0 Jdo 1ISH (T 0d 02}

M Zr Je2)SH (I 0de3)
CONTINULE

TEST FOR OUTPUT.

IF(TC JLE. START)} GO YO 300
IF(MOD tNNe NANS) NEe O) GO TO 099
PRINT OUT RESULTS.

CALL OQUTPUTY

CONT IMUE

CONTINLE

IF(IPLOT1 LEQe UJ &0 TO 1255
CALL PLOT(Qe90ar P99

1255 CONTINUE
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sTOoP
END

SUBROUTINE INIT

SET THE INITIAL CONOITIONS.

INSERT THE INITIAL VALUES.

00 100 I=1eNX

DO 100 Jz=1eNY

00 130 K=103

IF(IStIod) EQ. 1) GO TO 100
ROWEIs JeKI=1,

CONT INLE

RE TURN
END
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1 SUBROUTINE OUTPUTY
2 (o
3 c QUTPUT THE RESULTS.,
8 c
5 C
6 HRITEC(6031)
7 31 FORMATI1I HY)
8 32 FORMAT (/)
9 C
10 Cc OUTPUT THE TINE IN HOURS.
11 c
12 WRITEC 60 25) TINe IC
13 25 FORMAT (10X s25HELAP 0 TINME IN HOURS = ¢F8.2+50X%0
18 S26 INUREBER OF TIDAL CYCLES = +¢F6.2 )
15 C
16 c
17 WR ITEL 60 1200)
18 100 FORMAT t(SXe18HSURFARE ELEVATIONS/)
19 DO 150 I=1eNX
20 WRITEC 6o 32)
21 150 WRITECO60101) CETA(IvJe2)eJ=1l oMY
22 101 FORMAT(1X¢16F7.1)
23 c
28 C .
25 UR ITE( 6¢ 31)
26 WRITEC(60102)
.27 102 FORMAT(10X¢31HU-COMP ONENT HORIZONTAL VELOCITYe/7/)
28 C
29 00 151 I=t1eNX2
30 WRITE(be 32)
3 150 WITE(6+101) C WL Ie .:.2:..:-1 WY}
32 c
33 WRITE( 6e 31)
35 WR ITE( 60 103)
. 3 103 FORMAT(10Xe31HV=-COMPONENT HORIZONYAL VELOCITYs2//7) .
36 c :
: 37 00 152 I=1.NX |
; 38  WRITE(6e 32 i
‘ 39 152 WRITEC6e101) (VUIe B 2)eJd=2NYL) j
' 40 c ‘ '
b1 C 1
42 Cees e
43 WRIVEC 60 31)
48 WRITEC( 60 208)
45 108 FORMAT (L OXe24HSTRATIFICATION PARAMMETER/27)
, 86 c :
87 00 153 I=1eNX
: 48 WRITEC 60 32)
. 49 153 WRITECSH 101) (St Ie b 2)eJ=19NY)
50 c ' )
’ ! 51 C I I I I I Iy
i ‘ 52 c PE I IE 2L 2020 P0 P PH P 000008900000 0
- . 53 c '
' 54 IF ¢(IPLOTL .EQ. O) GO TO 1253
! 55 CALL GRAPH
. 56 125 CONTINUE
= .
,1".\
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RE TURN
END

SUBROUTINE BC

SPECIFY THE TIDAL AMPLITUDES AND
PHASES AROUND THE OPEN BOUNDARY,.

SC ALE=0. 60

ETACLe 69 3) =200 ¢ SCALE*SIN(Qe 5058sT IN=0.0175+280,)

DOV=SI N(U. 5058 sT M)

ETAC9+1293)2250. *SCALE=DOV
ETAC10 91 293) =300 +*SCALE=DOV
ETAC 11 91 20 3) =350 o+ SCALE=DOV

A=120.
TT=0 .5054=TIM

ETA(8¢ 19 3) SASSCALE sSIN(TT-0, 0175%150.)

ETAC( 99 10 3) SA*SCALE S IN(TT-0. 01 752140,)

ETAC10 v1 v3)=A=SCALEsSIN(TT-0.,0175+130.)
ETACLL v1 93 0=AsSCALEsSIN(TT0.0175¢125,)
ETA{12 v1 #3)=A*SCAL EeSINC(TIT-0.0175¢120.)
ETA(13 o1 o3)9=A*SCALESINC(TT-0.0175¢:120.)
ETAC18 92 93)=AsSCALE¢SIN(TT 00275 115,)
ETAC15 191 o3 )=A*SCALEsSINC(TT-0.01755110.)
ETAC16+1 +33=AsSCALECSIN(TT-0.0175¢105.)
ETAC17 o1 e32=AsSCALE*SIN(TT-0.0175+¢1200.)
ETAC17 92 »3)=A+SCAL E«SINC(TT-0.0175¢100.)
ETAC17 93 93 )=AsSCALE+SINC(TT-0.0175+100.)
ETACL17 v4 v3D=As SCAL E*SINCTT <0 0175+ 100.)
ETACL7 +5¢3)=AsSCALE*SIN(TT-0.0175 100.)
ETAC17 +6 #33=AsSCALEsSIN{ TT-0.0175+100.)
ETACLT o7 932=A=SCAL E*SIN(TT-0.0175+ 100.)
ET AC17 +8 +3)=AsSCALE*SINCTT -0 0175+ 100.)

RE TURN
ENO

e TR rar TRE e T



1 SUBROUTINE ETA3
2 Cc
. 3 C UPOATE THE SURFACE ELEVATIONS.
8 c
5 C
. é DO 100 I=1sNX
7 00 100 J=1eNY
8 Cc
9 IF(TEC(TIsJ) EQ. 1) GO TO 100
10 IF(IEtLed) EQe 2) GO TO 142
11 c
12 C COMPUTATIONAL POINT.
13 c
14 ClL=SIGKI o 3/ (4 o« DX 3DYSROUW( Iv Je 2) )
15 C2 CUH(ToUe2)sH (I +1 o JoZ ) sUCI 0d 020~ (H(I =L vJ02)eH(IvJde2))
16 SAII -1 wse2)) /4, «)X)
; 17 CI==ttH ToJe2) +H (L 0J+1 92)) 2V (L od 02 )= (HIY 0oJ=102)¢H(T0Je 2))
§ 18 S (Lot 92)) /(8. sDY)
b 19 C
20 c
. : 21 C
o 22 ETAC Iy o 3)SETACI 0 91 )¢ 2. 2D T (C1¢C2+C3)
23 c
24 101 CONTINLE
25 JoJe3)ETAML vJ o3 )e0(Is M)
26 c
i 27 106 CONTINUE
. 28 RE TURN
29 END
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22
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SUBROUTI NE UVEL

UPQATE THE U COMPONENTS.

RE AL Mgl oMB2 ¢Mu33 oMu4 o MBS oMb oM 87

00 1CY I=tehX1

DO 103 J=1leNY

IFIUCTJ) LEQ, 1) GO TO 100

OUTSIGCE THE GRIU URXR ON & guvy.

ME 3= WX

Mo Go(H(IeJr2) H I *10Uv2 M) s(ETA(I¢2eJe2) -ETALII0Je2))/(8,%0X)
MET==Go((H(IsJ o2t W Io2eJe2))es2 ) s(ROU(I®LeJe2)-ROW(INJIL2))
S RONC Iy Ue2) *RUWLI L ¢Je2) ) o (=1,)/7(8.20X)

NEAR AW UPEN E-W 3LY OR A CORNER.

IFCIVCIvd) oEQde 3 URe IU(Ied) ,EQe #) GO TO 20

NORMAL EQUATION

MBIz ehila (HUT*Loedel 3s (UL *Lod el d=U(Tedel) d=H(LoJoeR)®(UlIeJe 1)
S-U(l-1edsl)))/(geslixse2,)

GO YO 21

MB 1= Ue

CONTINUE

NE AR AN OPEN N=-5 HUY OR A CORNER.

IF(IUCIvJ) JEQe 2 LRe IUCINY) EQe &) 60 TO 22

NORMAL PUINT.

MW SHIZ e 258 (H { Lo Je L) +H(IsJ+l sl )e{ I¢doJelr L) s I*LpJdel))
HSH2= e 233 (Hl e J= 102 )oH (I s el )+ H{ I¢ds Je 1) sl )l 9 J~-1,1))

M3 2= oN2% (HUSHL*(J{ Ts Je191) =UCI 9J 91 )) ~HOSH2e(UCToJed ) =UtIvJ=1 1))
SV/7 (B 50Y oxg, )

0 TO 23

M8 2= 0.
CONTINUE

NEAR AN UPEN N=-S 8UY OR A CORNER.

IF(IUCIvy) ENe 2 HORe IUCIIJ) EQe &) GO TO 28

Wl =UCT sdel)

U2=Ne25¢ (VI v~ ol)eV(Ivdol) oVEI®l edoldeViielod=101))

MB 4= =0 5 s(ROW(Is Jo2) *ROW(I *1 eJ ol M) sTORSU1I*SART(ULee2 02802, )
60 Y0 25
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— e e

57

59

61
62
o3
(.1 )
65
66
Y4
68
69

Ra ¥
72
73
74
75
76

78

as
81
82
83

O OOnn

C
c

a6

27

100

M34= <0 S*(ROWCEe J9 1) +ROW(L 21 oJ 91 )) sTOR®
SUC Is Je 1) =ABS (UL w0 01 ))
CONTINUE
NEAR AN QPEN N-S 9LY OR A CORNER.
IF(IUCIvY) ~EQe 2 URe TU(Led) (EQe &) GO TO 26

MBSz oF s(H{Iodr2) *H I *10J92)) s(V(Te Je2) *VII*]1 0J02)
S (I +1 vd=192)eV(Is J1s2))/8,

60 TO 27
8 5=3.

CONTINUE

Ul Tode 3) S(0e5*(H LTI s vLl)eR(I®20Je 1) dsU(Iedel)
$42,40T*( M31+MB2oM:3 I+ MER+NES5eMBOLHENBT) 3/ (D Ss(H(Lede3)
S+*H(I+1er3)))

CO NT INUE
RE TURN
END
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SUBROUTINE VVEL

UPDATE THE V COMPUNENTS.
RE AL Mol +MB2 yMB3 o B4 »MBS oM Bo #MB7

DO 100 I=1sNX

00 100 J=1eNY1

OUTSIDE THE GRIO OR ON A BOY.

IF (IV(Ied) <EQe 1) GO TO 100

MB 3= WY

M8 6= <G s{ H{ Lo U190 2) H (LI ed92)) S(ETA( o Jo192) € TACL0J02)) /(840 Y)
MB 7= =Gt HULsdo 20 #H (I vJ+192)) 2620 ¢ ROW( To J+10¢2) -ROW (I sd 02} )
$/CROWC Is So2) *ROWLI sJo192)) /(84 #DY)

NEAR AN OPEN E-k dDY OR A CORNER.

F IV Ird) oEQe 3 HRe IV(Ivd) .EQe &) GO TO 20

HOSH 1= Ue 252 (H{To Sr 1) +H(L ool o 1D¢H{Te e de 10 1) +HEI+1 odwld)

MO SH2= 0o 258 CH T 1s b 1) #H (I =1 sJ+1 o1 J¢H( Lo J+2e 2 ) ¢H(IoJde1D)

M5 1= +N 1% (HOSHL #4 VC T Lo do 1) =V I oJ 1)) =HOSH26{V(Tedo 1) =V CI-1 od 1)) )
S/ U.2DXe 82,)

60 TO 21

M8 1= 0.

CONTINLE

NEAR AN OPEN N=-S BOY OR A CORNER.

IF(IV(Ied) «EQe 2 ORe IV(Ivd) .EQe &) GO TO 22

MB2=+N25 (H(I vu+l vl e (VIIvJ el o1 )=V (Lo Jel) )=tH(T0Jel)e
SIVII vJ ol )=V (leu=1s1)))/7(8,20Ys22,)

60 YO 23

M8 2=0.

CONTINUE

NEAR AN OPEN E~W 650Y OR A CORNER.

IFUVEIvd) «EQe 3 LOR. IV(Ied) EQe &) 60 TO 20

UL S0 25% (UCT =1 vd ol UCI=10Jelo 1) *UTIodol ol )eUlIvdol))
WR=VEI vdol)

M3 4= =0 S s(RON( Io Jo 1) +ROW (I oJ*1 01)) sTORSU2eSQART(ULS22,¢U2002, )
60 T0 25

32




57 C
% 58 2» M8 A= =0 S5 (RO To Je 1) *ROWLE 9J*2 01 )) STORSVII 0J 01D eABSCV(Iodo 1)) | ]
SN 59 25 CONTINWE o 8
: 60 C *
4 61 ¢C ~ . 1
62 C MEAR AN OPEN E-4¥ .BOY OR A CORNER. ' , ‘
63 C ' ‘ |
o8 T UVIed) EQ0, 3 HRe IVi(Ied) .EQ. &) 60 TO 26
65 ¢C
66 MBS~ F M H{IoJe2)oH L 2J 41920 sl UL I~ 100 2) +UCI =1 0Jo1¢2)
67 $S+U (I vJol 92)¢UCIr Jo 20 ) /8.
68 C
69 60 YO0 27
0 26 "B 5=0.
71 C . - 3
72 27  CONTIME !
73 C ' ! 3
78 ¢ , ’
75 C '
76 VEIrde 30 (VETIo o 1)L HETe U 1) +H (I )51 91))72,¢2.50Te .
. 17 S(MBLMEB2 +NB3 sMBA M B5+MBSG+NBT M ZC (H T vd e3Pt e o1 e3))72.) ;
o 78 C 3
79 C '
80 100 CONTINUE
81 C
82 RE TURN
83 END

SUBROU TINE PARAN

COMPUTE THE STRATIFICATION PARAMETER.,

oOe00

D0 100 I=2,NX1
00 100 J=2.NY)

W(IS(IrJ) .EQ,. 1) 60 TO 2100 w

ClIedo 2) €050 (UL -1 0d v2)0U(I0 U 2) )e 82, 4
SHWS*H WIed=2102)+V (I sde2))ee2,) L

Cl Iv Jo 2) SSARTC(CL 1o J» 2) )

Nt g oo 00 b g b b g o0
OODNOCOVMVEUNESTOOCR~NTVE WA
[ o]

c :
¥ STRAT=CC Todo2) 903, /DCI o) 0. 002 ;
4 Ct Io Jo2) SALOGL O STRAT) 1
C :
: BF(C L o 9200GT oS (I nd 920 ST od 92)=CC X0 Jo 2} E
’ c v
\ 21 100 CONTINUE
T 22 ¢
. 23 RE TURN ;
. 2s END i
'S -» - 'Y l
[ 4 ) ) E
[
3

33
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PV BUWNOOOD~NOVNSTUWNM SO NFUWNROO®NousuihrOOoNOUaWNNMD
oONeoO OO0 OO0 O000NO000OMNO0O0OOO00O

(g

SUBROUTIWE GRAPH

00 THE PLOTTING O¥ A CALCOMP =964y,

oL v THE CONTOUR SPACING
HG TC THE HEIGHT OF THE CONTOUR LABEL IN INCHES.
InOC PERAITS CONTOUR LABELS TO VARY GURING A SINGLE PLOT.
LAGC «GE. U NUs OF OIGITS IN COWTOUR LASEL OECIMAL PART.
= -3 NO DECIMAL PART.
= -3 NO LASEL PRINTED ON THE CONTOUR LINE.
w6T=1 CONTOUR URAWN 8Y ORUINARY LINE.
=2 HEAVY LINE.
=3 DASHE O LINE.
NA RC =1 VARIES 1-10 CAN BE USED TO SMOOTH THE CONTOURS,
NLEV SUPPLIED BY GETLEVe IT IS THE NO. OF CONTOURS ORAUWN.
NX oNY WORKINS DIMENSIONS OF THE ARRAY BEING CONTOURED.

X1PL»Y 2P L COORD INATES OF THE 2 ORIGINs I.E Z(1e1).
XLPL »YLP L CUOORDINATES OF ZINX NY) .

z ARRAY TUO BE CONTOURED.

LEV ARRAY SUPPLIED 8BY GETLEVe

THE FOWLOWING ARE THE PLOT OPTIONS.

IPLOTYL=G NO PLOT. :
IPLOTL =1 PLOT ELEVATIONS AND VELOCITY VECTORS ONLY.
IPLOTL =2 ALSO PLOT SALINITY.

00 X=9, 7947

DO Y=Ue 9959

FCX=2. "D UXFLOAT (NX1)
FCY=2.)0V*FLOAT(NY1)
XSHF T=2., 2U0X*F LOAT (NX )+ 2,
YSHFT=2, =s00Y*F LOAT(NY)+2,

SET THE PLOTTING P ARAMETERS.

INGCC=1

tWweT=1

HGTC =0 .4

LABC=-1

NARC=1

IF NN=O THEN CONTOUWR THE BOTTOM TOPOGRAPHY,

IF(NN £4Qds 0) GO TO 1G0
G0 T0 101}

CONTINUE




-

58
59
o0
61
62
63
64
&5
66
67
68
69
70
71
72
73
T4
75
76
77
78
79
80
31
82
a3
34
85
36
87
38
39
90
1
92
93
94
95
96
97
98
99
100
101
1Jd2
103
104
135
10
107
108
109
110
111
112

102

OO0

[xNeNgl

c

c

‘o0

101

CONTOQUR THE BOTYOM UELPTHS,

CALL NEWPLT (4o "SHA % 3+0)
CALL FACTOR(N,5)

00 102 I=1eiNX

00 192 J=1ls»NY

ZCTe J)D (I 9d) /10 %92,

IFAIS(IvJ) o206 1) 2(I9d)=10e%%35,
CONTINUE

SET CONTOUR SPACING AT 5SuC M.
OLev=S52C.

CALL GETCEV(ZeNXsNYo OLEVeZLEVeNLEV)
CONTCQUR THE DEPTH.

CALL PLOT(4,97.0-3)

CALL CONTUR(Zr X siNYe 00 90 oo FCXo FCYe ZLEVILABCLUGToNLEVeHGTC»

SNARC)

DR AW THE BOUNDARY.

CALL s0UND

CALL SYMB0L((e v~ 2e s 228¢16HDX Dy DTv0er+16)

CALL SYMBOL(S5eUs =240 3. 28923HTOR WX wy Foe
%o 9¢23)

POX=0X *1 0o #* (=5, )
POY=DY*lUe *2(-5. )

CAlL NUMBER( e o= 3¢ o0 o289 PO X9 Ge o+ 2)
CALL NUMBER(2e o= 30 o0 289 PDY2 04 02 2)
CALL NUMUER(G, 9= 3¢ 0 289D T o0 oe +2)
CALL NUMBER(bG. =3¢ o0 281 TORy O, 9+ 4)
CALL NUMBER(B, v~ 34 00 e28¢UWX 90 o2 +2)
CALL NUMBER(10ee =3 40 0a280WY0 0, 9+ 2)
CALL NUMBER(12.¢ =3 4av Ne28¢F vQ ar+6)

CALL PLOT(D. 100999

CONTINUE

IFC(IPLOTL o€Qs 13 CALL NEWPLT(Ge*SUWA®e3¢0)
IF(IPLOTY <EQe 2 e R IPLOTLI EQe 3
SCALL NEWPLT(3e¢e*SUWA®+3.0)

CALL FACTOR(0.5)

CAU— PtoT(4, '70"3,

CONTOUR THE SURFACE ELEVATIONS.

Ak i aate et




© -~

114
115
116
117
118
119 ¢
120 ¢
121 ¢
122
123 ¢
124
125 €
126
127
128 ¢
129 ¢
130 ¢
131 ¢
132
133 ¢
134
135
136 C
137
138 C
139
180 C
141 ¢
142
143
184 ¢
145
146 C
147
148
149 ¢
150 ¢
151
152
153 ¢
154
155
156
157
158
159
160
161
162 ¢
163
164
165
166
167 ¢
168 C
169 C
170

(2]

oOO0NO

110

120

S NARC)

D0 110 I=1eNX

00 110 J=1NY

ZUIr JIZETACL vds2)

IFAIECIed) <EQ. 1) Z(I+J)=10.03535,
CONTINUE

D e ool e

SET THE CONTOQUR SPACING AY 100 CN.
DLEV=1I00.
CALL GETLEVIZoNX oNYes DLEVIZLEVeNLEY)

CALL CONTURCZoNX oNYe Qo 0O o FCXe FCYy ZLEVLABC/LWGT+NLEVINHGTCo

3
]
DRAW THE VELOCITY VECTORS. 3

USCALE =0 .02

00 120 I=1+sNX1
DO 120 J=1sNY1

UNOD ZULI v do2) 922 ¢ U ToJ*+1e2) 382, % VEiEeJe2)382,+ V(Ie1eJe2)ss2,

IF (UMOD .EQ. 0.) GO TO 120

XCD=DD X+2.*FLOATY (I -1 )sDDX

YCO=00 Yo 2, sF LOAT (J -1 )=DDY

CALL SYMUOLIXCDs YCOv 00 169890 o9 ~1) !
UB ARZO S * (Ul Iv Jds 2)sU (I sdel92))

VBARZ=0 S5 %( V(I vwoe2) ViIelsde2D) .
XD SH=XCDO+*UBARsUSCALE

YO SH=YCD +VBAR*USCALE

CALL PLOTI(XDSH +YDS He 2)

CONTINUE

PLOT THE BOUNDARY.

CALL BOUND

CALL NUMBER(1. v 3: 10 289 TC o0 o0 +2)
CALL NUMBER(3e 9=3, 9028+ TINe 0, v+ 2)
CONTOUR THE STRATIFICATION PARAMETER.

IFCCIPLOTL EQ. 2) <OR. (IPLOTL .EQ. 3)) 60 TO 130




AL N

171

172 130
173 ¢C
178

175 ¢
176

117

178

179 132
180 C
181 C
182 ¢
183

184 C
185
186 C
187 ¢
138

189

190 ¢
191 ¢
192 131
193 ¢C
198 C
195 C
196

197

198 150
199 C
200

20t C
292 151
203, C
208
205,C
206;C
207

208

SNARC)

60 70 131
CONT INLE

CALL PLOT(O« o YSHFT »~ 3)
DO 2132 I=1eNX

DO 132 J=1¢sNY

ZE v V) S LI vl e2)

CO NT INUE

SET CONTOUR SPACING AT 1
OLEV=L O

CALL GETLEV(ZoNX N Yy DLEVeZLEVINLEV)

CALL CONTUR(ZeNX sNYsOe 000 FCXeFCYe A EVILABCoLUGToNLEVIHGTC»

CONTINUE

DRAW THE BOUNDARY.

IFIPLOTL .EQ0. 2) < OR., (IPLOT1 .EQ. 3)) GO TO 150
G0 TO0 151

CONTINUE

CALL 80UND

CONTINUE

CalLL PLOT(O. '00'999’

RE TURN
END

37




" e
PO OONOCE VW™
L X2 X2

S ok o
EwWN

[y
n

32¢
33c¢C

35
36
37
38
39
40

SUBROU TI nE BOUND

ORANS THE CO2ZSTAL HOUNDARY.

COMONAC 107 XAL20) AL 20)e XB(20) oYB(20) e XC(20)+YC(20)
SYDC(2D) YD(20)e XE (20) o YEC 20 )0 XF €20) oYF(20)

DATAIXACY) o107 0/700 928028087 98 .700,901./

CATALYACU) 0= 07 )/ S5 03 0v1e9lerUe90a0le/

DATAIXBLUY) 0d=1¢9)/0 928028 08.708.7010:30103¢00¢1./
DATACYBUU) 90=1 992/9 090070 07 0950 05000e 900901/

DATAUXCCU) 9d=1920) MV 2080008026 802:.805¢5¢5:5¢7e1¢
$T7e108aTo8eT7000e3010 301109901 109013.8913.8015.000e01.7
DATACYCUU) o012 020 /120 v1de vl 3a vl 3e 915,015, 011.:11..13-013.0
$9e Wer13e013 001140 1100909006914/

DATAIXDEY) 01 015) MW ev 0800802080280 T7029701011:9911.9¢
’130“013.“"500015.&00'1 /

DATAIYOC(JU) 9d=2 01 3) /1 Te 0176 919 019,921, 021.9

$23,023 0210021 001300134090 00e01e/

DATAIXECJ) vd=2elS5) N 3.8013.8080006016.6018.2¢18,29

slbob 01006019.8'190 802209'2209025.3'0001.,

DATAIYECY) 91 915) /2309923 09230921 002140190

319.'11 o? 17.'1‘.' 11.. 15..150'0.".’

ORA4 THE BOUNDARY OF THE GRIOD.

CALL PLOT(Q. 9049 3)

CALL PLOT‘2503'0002,
CALL PLOT(25.30023.992)
CALL PLOT(O0. ¢23.9092)
CALL PLOT(0.v0,92)

CALL L INE(XAsYAs50 100¢Q)
CALL L INE(XBsYBe 79 1¢000)
CALL LINE(XCsYCo 18 s1 ¢0,0)
CALL LINE(XDsYDe 12391 40,0)
CALL LINE(XE eYE* 131,040
RE TURN

END
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PRy

Nhnnnnnngwpnwpn-ppp
P NONPUNBMOOCR VPN BUN RO ODRNO NS WN -

29

27.78
33.38
T4.5344
0017
0013
002200
0300

1111331111111

1111155111111
1111555511111
1111551111111
2111551111111
1111511111111
1115511111111
2555551111111
2555511111121
2555511555521
2555555551511
2555555551111
2555551111111
2555551111111
2555551111111
4333333311111
11111111111
11115111112
11115551 1111
11115551 1111
111151111111
111155111111
111511111111
25555511 1111
255551111111
2555 11 155551
255555 55 5551
255555551111
255555551111
255551111111
255551111111
25555551 1111
433333311111

Aii121111111

1111133111111
1111333311111
1111333311111
1111331111111
1111333111111
111331 1111111
2333333111111
2333331111121

- 2333311333321

2333333333321
2333333331311
2333333331111
2333331111111

- 2333331111111

2333333311111

39




3
5
&
®
¢

-l

ta

2222222211111
1111121111111
1010133111111
1111333311111
1111333311111
1111331111111
1111333111111
1113311111111
2333333111111
2333331111121
2333311333321
2333333333322
2333333331311
2333333331111
2333331111111
2333331111111
2333333311111

2222222211111
L] L]

3. 18, 73
137. 117. 9
* 9.
18, 91 713

‘5. ‘l.
120. 104. 110
36. 7.

128. 186. 120
il. .
18%. 10, 120
920, 160. 150
2970.1830. 380

4350.3300.1850

36.

82.

95.

110.
e 110

e 128,
°

. 1.60
« 110.

e 126,
®
e 360.

Ve

18.

36.
9.
100.
92,
82.
a8,
110,
120.
120.

106,

18.
68,
Sa.
53
13.

73.

45.
0.

55.
%2,
106,
2.

%2,

137. 130.

L J . L]
4200.3200,4400 .4600. 26 0. 25N,

40

36.
Jo.

27.

Te

18.

73.

88,

92.

150.

Te

Se

36,
66.
55.
18.

11.
2.

18.
82.
18.

9.

27.
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